Background: Atypical and malignant meningiomas are associated with less favourable clinical outcome as they are more prone to recurrence and aggressive growth. Conventional magnetic resonance imaging (MRI) can reliably differentiate meningiomas from other extra-axial neoplasms, but grading of meningiomas as typical or atypical/malignant is not possible. Diffusion weighted MRI (DWMRI) has been used reliably for grading of gliomas. There are only few studies to investigate utility of DWMRI in grading of meningiomas. So we have planned in this study to investigate the utility of DWMRI parameters such as apparent diffusion coefficients (ADC) and normalized ADC (NADC) ratios in the preoperative characterization of meningiomas.
INTRODUCTION
Meningiomas are the commonest primary, nonglial, intracranial, extra-axial tumours. Meningiomas constitute 14%-20% of all intracranial tumours and up to 10% are atypical or malignant variants. Recurrence rate for atypical/malignant meningiomas is high, 29%-41% as compared to typical meningiomas between 7%-20%. 1 Although meningiomas have readily identifiable features, conventional MRI techniques have not always been reliable in predicting the grade or natural history of tumours. [2] [3] [4] [5] DWMRI has been used to study the histologic grading of gliomas. [6] [7] [8] [9] [10] [11] [12] [13] Correlation between ADC values, tumour cellularity and tumour grades have been made. DWI along with calculation of ADC and NADC ratio is a reliable, noninvasive technique for t he preoperative assessment and for the treatment planning of different types of brain tumours. [14] [15] [16] [17] The objective of our study is to evaluate the benefits of DWMRI technique and in differentiation of typical from atypical malignant meningiomas using ADC and NADC ratios.
MATERIAL AND METHODS
This prospective study was conducted in the Department of Radiodiagnosis, at our tertiary care teaching hospital at Tirupati during the period January 2014 to June 2015, and included 30 patients referred from Neuro-surgery Department. All of them were suspec-ted to have intracranial meningioma based on CT findings. This study was conducted after obtaining institutional research and ethics committee approval. Written informed consent was obtained from all patients.
All MRI studies were done using 1.5 Tesla (Siemens Magnetom Aera 1.5T, Germany) with phased array coil. All patients were asked to get rid of any metallic objects as well as they were asked about any contraindication to MRI examination (artificial heart valve, cardiac pacemaker, metallic stents or joint prosthesis except that made of titanium). The patients were informed about the duration of the examination, the position of the patient and the importance of being motionless.
MRI study was done with the patients in the supine position using the standard head coil. The examination was done before contrast administration, a scout sagittal T1-weighted view was obtained to verify the precise position of the patient and to act as a localizer for subsequent slices. Then multiple pulse sequences were used to obtain axial images followed by coronal and sagittal images.
The contrast media used was gadobenate dimeglumine administered intravenously in a dose of 0.1 mmol/kg body weight. Isotropic (trace, i.e., the summation of 3 orthogonal directions) DW images were visually inspected and classified as hyperintense, isointense, or hypointense compared with normal white matter. The intratumoural ADC values were measured using the manufacturer's software. To minimize variability, the regions of interest (ROIs), is kept a constant value of 40 mm 2 , was placed manually in the solid part of the tumour, avoiding any cystic or calcified areas.
Control ADC values were obtained from normal-appearing white mat ter on t he contralateral normal brain tissue unaffected by tumour (centrum semiovale). The NADC ratios were calculated using the formula NADC = ADC of the tumour/ADC of the normal white mat ter, wit h NADC lower than 1.00 representing relatively restricted diffusion.
Statistical analyses were carried out using SPSS version 17.0 for Windows (SPSS Inc, Chicago, IL USA). Student's t-test was used for calculating the differences in the mean ADC values and the mean ADC ratios between each pair. A p-value < 0.05 was considered statistically significant.
RESULTS
Out of 30 patients, 12 patients were males, 18 patients were females, and age was in between 26-65 years with mean age of 46.9 years.
In our study most common location was cerebral convexity, followed by falcine, parasagittal, sphenoid wing, petroclival, CP angle. Rare locations being cribriform, tentorial, intraventricular locations were observed one case in each location (Table 1) .
Twenty nine out of 30 cases included in our study showed typical conventional MR features of meningioma as t hey display iso to hypointense signal intensity on T1WI, iso to hyperintense on T2WI. Two cases were predominantly hypointense on T1W1 and T2WI because of presence of dense calcifications. Rest of the cases showed iso to hypointensity on T1WI, iso to hyperintense signal on T2WI. Intense enhancement was noted in all 30 cases after contrast administration. Four out of five atypical meningiomas were observed to having be heterogeneous enhancement; probably because of presence of necrosis in three cases and vascular channels in another case. Seven out of 25 typical meningiomas observed to be heterogeneous enhancement; five of them were due to necrosis, and two were due to excessive calcifications. Only one case out of 30, showed atypical features such as irregular margins, heterogeneous enhancement, adjacent bone involvement, disproportionate peritumoural edema ( Table 2 ).
All cases of typical meningiomas (n = 25) appeared isointense or slightly hyperintense on DWIs, and iso to mildly hyperintense on ADC, the ADC values ranged from 0.8 to 1.78×10 (Table 3) . Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of conventional MRI and diffusion weighted MRI in differentiation of typical from atypical malignant meningiomas in shown in Table 4 . ADC values and NADC ratios of typical and atypicall malignant meningiomas reported in literature and the present study are shown in Table 5 . Limitations of conventional MRI techniques include its inability to reliably differentiate between brain abscess and cystic or necrotic brain tumours, inability to distinguish highgrade from low-grade tumours. It cannot determine the exact limits of tumour extension and is unable to discriminate between typical from atypical and malignant meningiomas. investigators have been unsuccessful when attempting to predict the histologic types of meningiomas and to distinguish benign from atypical or malignant meningiomas on routine MR images. 24 In our study out of 30 patients only one patient was diagnosed as atypical meningiomas based on conventional MR findings such as presence of irregular margins, bone erosion, heterogeneous enhancement, presence of disproportionat e peritumoural oedema. Sensitivity, Specificit y, PPV, NPV of conventional MRI in differentiation of typical from atypical and malignant meningioamas were 20%, 100%, 100%, 86.2% respectively.
Several studies showed that the findings of atypical/malignant meningiomas and benign meningiomas were not significantly different on DWI. 17 In contrast, the ADC maps of atypical/malignant meningiomas showed isointensity or hypointensity compared with those of normal brain parenchyma. 18, 19 The lesions on DWMRI exhibit high signal intensity on DW images, as a result of the "T2 shine through" effects. There may be subjectivity and absence of quantitative analysis when investigators visually inspect DWMR images and ADC maps.
In our study, Atypical and malignant meningiomas (n = 5), classified as WHO Grade-II and Grade-III, respectively, all had markedly increased signal on DWIs, and extremely low ADC values, indicative of marked restriction to water diffusion, which is in consistence with Pavlisa et al, 25 who stated that high-grade tumours with increased cellularity have lower ADC values than low-grade tumours or normal brain.
Certain studies have revealed that the mean ADC values of benign meningiomas were higher than the mean ADC values of atypical/ malignant meningiomas. 17, [18] [19] [20] [21] also showed results similar to our study.
The measurement of ADC values may vary across different scanners, DW imaging sequences and hardware configurations. The NADC ratio minimises the differences in ADC values caused by different diffusion techniques or sequences used for the evaluation.This normalization process should be preferred to more reliably demonstrate the changes in water diffusivity of human brain tumours and to eliminate inter image variability. 1 In our study, the mean NADC values were 1.24±0.28 and 0.86±0.08 for typical and atypical meningiomas respectively. Nager et al 18 showed that the mean NADC ratio were significantly lower in the atypical/malignant group (0.91±0.18) than in the benign group (1.28±0.11).
CONCLUSIONS
With advent of MRI, the quality of preoperative diagnostic imaging has been improved dramatically and information about subtypes, vascularity and tumour consistency are possible. DWI and ADC maps are reliable in preoperative discrimination between typical, atypical and malignant meningiomas. The calculation of ADC value, NADC ratios are considered as a predictor of the grade of meninigioma.
